The use of sponges for marine bioremediation in a farming scenario has been investigated focusing on Chondrilla nucula . We report experiments examining clearance and retention rates of the bacterium Escherichia coli . Despite low values expressed for clearance tests, C. nucula exhibited a marked ability to retain high quantities of bacteria. One square meter patch of this sponge can filter up to 14 l/h of sea water retaining up to 7 )/10 10 bacterial cells/h. This suggests that C. nucula is a suitable species for marine environmental bioremediation. #
Introduction
Sponges are filter-feeding animals frequently characterising large benthic communities that have capability to process the water column above within 24 h [1] , retaining up to 80% of suspended particles [2, 3] . Despite relatively low pumping rates, sponges can exhibit high retention rates as a function of well-developed aquiferous systems [4, 5] . This ability is significant in benthic Á/ pelagic coupling, and suggests the Porifera are able to influence or ameliorate microbial polluting assemblages associated with faecal contamination [6] .
During the last decades, sponge farming has been proposed for the production of sponge biomass [7 Á/12] , for helping sponge population recover after overexploitation and mass mortality events [11] and for integrated aquaculture systems [10 Á/12] . Sponge farming is relatively simple, practicable and utilises inexpensive technologies. To optimise productivity in an integrated aquaculture sponge farming, operative target sponge species must show good adaptability to the local environmental conditions, to the farming system itself and must exhibit efficient food retention rates. Many different approaches, both direct and indirect, have been applied to investigate filtering efficiencies and particle uptake in sponges. These studies have focused on the energy balance of filtering activity [1, 4, 13] , the effects of temperature [13, 14] , and on the uptake of microorganisms and/or particles [2,3,15 Á/18] .
A common method used to define filtering and retention rates is to apply a clearance test, that is, to calculate the clearance effect of a filter feeder on suspended particles within a given volume of water [19] . This test leads to the indirect evaluation of the theoretical volume of water filtered in a unit of time, through the progressive depletion in suspended particles, assuming that 100% of these are retained. The test can give a good estimation of the actual retention rate of a filter feeder on a given class of particulate matter. Although clearance tests can be performed using a wide range of tracers (i.e. microbes, unicellular algae or synthetic calibrated particles), we decided to use Escherichia coli [6, 15, 17, 20, 21] in order to additionally determine the potential impact of sponge filtering activity on waters polluted by bacteria and faecal contamination. E. coli has already been used in such tests and proved to be easily assumed by sponges as a food item [17, 20, 21] .
Chondrilla nucula is a Mediterranean marine sponge living in shallow waters [22] , also in presence of high sedimentation rates [23] . This photophylous species shows a modular growth system due to the production of clones that can form large patches on hard substrata [24] . C. nucula exhibits a strong ability to compete for space [25 Á/27] , and contains deterrent chemicals [28, 29] as well as novel compounds [30 Á/33] . We already tested C. nucula in Mediterranean experimental sponge farms, where it showed high tolerance to transplantation as well as high growth rates [24] . We report results on C. nucula clearance and retention rates, to better focus on its suitability within bioremediation sponge farming plants.
Materials and methods

Sponge sampling
Sponge samples were collected at the Olivetta (Portofino Promontory, Ligurian Sea) by SCUBA diving, at a depth of 10 Á/15 m (T0/20 8C) in August 2002. Samples were carefully detached from the substratum, immediately transported to the laboratory within cooled bags and kept in an aquarium containing sterilised artificial sea-water (SASW) at a temperature between 16 and 20 8C. Samples were let acclimating for 1 day before testing and water was substituted twice with new SASW in order to avoid water contamination by other bacteria and particulate matter that could compete with E. coli uptake. To ascertain any chemical influence originated by the sponge that could inhibit E. coli growth or determine E. coli death, we performed preliminary tests using crude extracts of C. nucula . No biological activity on E. coli in Petri dishes was registered (unpublished data).
Clearance test
Two clearance tests were performed in batches at a temperature comprised between 16 and 20 8C using E. coli ATCC 25922 strain.
An appropriate number of sponge clones to reach approximately 25 cm 3 (test 1) and 20 cm 3 (test 2) as final sponge volume were put into three batches containing 300 ml each of SASW. Water was kept in constant movement by a magnetic stirrer (ca. 100 rpm). Control batches were prepared containing 300 ml of the same water without sponges. Overnight culture of E. coli was added to both the sample and control batches at a final concentration of approximately 6 Á/7)/10 6 bacterial cells/ml.
Aliquots of water (1 ml, three replicates) were taken every hour from each batch; at the first sampling time (t 0 ) the number of bacterial cells inoculated was checked. Test 1 was performed for 7 h for a total of eight water samplings (t 0 Á/t 7 ) and test 2 for 8 h (t 0 Á/t 8 ). Each aliquot was 10-fold diluted and plated on MFaecal Coliform Agar (Microbiol, Italy) in three replicates. Plates were incubated at 44 8C overnight and colony forming units (CFU)/ml were counted. Viable counts of each sample were compared with the control, appropriately corrected with the natural mortality rate and analysed as suggested by Coughlan [19] . The average number of bacterial cells ingested per h by 1 cm 3 of living sponge was also calculated.
Results
The average concentration of E. coli at any sampling time after correction for blank and related clearance rates are shown for every batch in Fig. 1a and b (test 1) and Fig. 2a and b (test 2) . Initial concentrations of 7.3 )/ 10 6 bacterial cells/ml (test 1) and 2.3 )/10 7 bacterial cells/ ml (test 2) were found.
Though variability was quite high for each batch (Fig.  1a and Fig. 2a (Fig. 1b and Fig.  2b) . Each batch exhibited a broad range of clearance rates during the experiments but there was a substantial overlap of values when considering the three batches of each test together. Some negative clearance rates were recorded from bacterial concentrations, which were higher than the t 0 value. These were a function of the variability recorded around each mean estimate. This phenomenon had already been reported in other works [3, 13] . Linear regressions for each batch (except batch 3 in test 2) showed a positive slope suggesting an increase in the filtering activity with time. This apparent trend was confirmed when plotting the mean clearance values for each sampling time in the two tests, though correlation was quite low ( Fig. 3b; R 2 0/0.0507 for test 1 and R 2 0/0.1131 for test 2). The average clearance rates were 1.49/0.3 ml and 0.29/0.4 ml filtered per h by 1 cm 3 of living sponge in test 1 and 2, respectively. The two sets of data were compared for each sampling time using a T -test, proving to be significantly distinct (P B/ 0.05) except for t 2 and t 3 .
Clearance rates in the two tests differed for one order of magnitude while the average numbers of bacterial cells filtered by a unit of sponge in a unit of time were of the same order of magnitude. This fact is presumably related to the initial concentration of suspended bacterial cells in the two tests (Table 1 ).
Discussion
E. coli was chosen as suspended tracer following indications by several authors of its suitability in such a test [6, 15, 17, 20, 21] . It is known that sponges can retain a wide dimensional range of particulate matter, feeding both on colloidal macromolecules and on the smallest elements of bacterioplankton [2, 3, 34] . In particular, sponges can actively feed on bacteria [2, 3, 35] and good growth rates have been recorded using these microorganisms as food sources [20, 36, 37] . E. coli enters the aquatic environment from the discharge of faecal contamination introduced by some warm-blooded animal sources and is commonly used as a bioindicator to determine the rate of faecal contamination in the sea [38] . Our data show a strong variability in bacteria depletion and clearance rates by sponges with time, consistent with reports by other authors [3, 14, 21] . Such variability, as well as the presence of negative clearance rates, might be due both to local differences in bacterial concentration when sampling water aliquots and to actual changes in filtering activity and/or water transport by sponges over time [3, 14, 39] . In fact, it is well known that sponges can regulate their pumping rates and even stop filtering, according to physiological and/ or behavioural needs [3, 34] . Results of clearance tests on C. nucula showed low clearance rates, compared with values reported elsewhere [13, 14] ; retention rates, however, were high, that is, the sponge expressed a strong impact on suspended bacteria.
Clearance rate is an indirect evaluation of the filtering capability of an organism, assuming 100% retention of suspended particles passed through its filtering apparatus [19] . This leads to an underestimation of the actual volume of water filtered by the tested species. As far as the potential use of sponges within integrated aquaculture is concerned, a more useful value is constituted by the effective retention rates expressed by tested organisms. Data reported in this paper show a marked decline in E. coli concentration corresponding to a retention activity of 6Á/7)/10 6 bacterial cells/h per 1 cm 3 of living sponge despite the quite low clearance rates demonstrated. Comparing the two tests, no substantial differences were depicted in the average retention rates. Clearance rates differed by one order of magnitude, presumably due to the corresponding differences in initial concentrations of E. coli in the two tests. This fact suggests that C. nucula could regulate its filtering activity in order to keep the amount of food ingested constant. The former hypothesis is also strengthened by the positive slopes observed in the linear regression curves, which indicate a progressive increase in filtration with time, and with depletion in bacterial cells ( Fig. 3a  and b ). Converting these results to a larger scale, this means that a 1 m 2 patch of C. nucula (ca. 10 000 cm 3 of sponge volume) can process up to 1.4 )/10 4 ml of water (14 l)/h, retaining up to 7.4 )/10 10 suspended bacterial cells.
Bioremediation in marine systems is a new and sustainable tool to be applied in waters subjected to high charges of organic pollutants (such as fish farms and urban sewage discharges).
C. nucula is a Mediterranean species that can be easily farmed due to its ability of reproducing quickly by fragmentation [24] and also because it is a strong competitor for space [25 Á/27] . Moreover, as demonstrated, C. nucula can retain high quantities of suspended bacteria. The species also produces several bioactive chemicals [30 Á/33] and is postulated to contain deterrent compounds [28, 29] . These characteristics promote the farming of C. nucula in many different areas as a bioremediator in marine waters. The cultivation of the species can be used as biofilter and associated to the production of sponge biomass for commercial extraction of useful metabolites.
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